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RR Lyrae pulsating stars have been extensively used as tracers of old stellar 
populations for the purpose of determining the ages of galaxies, and as tools to 
measure distances to nearby galaxies1,2,3. There was accordingly considerable 
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interest when the RR Lyr star OGLE-BLG-RRLYR-02792 was found to be a 
member in an eclipsing binary system4, as the mass of the pulsator (hitherto 
constrained only by models) could be unambiguously determined. Here we report 
that RRLYR-02792 has a mass of 0.26 M

 and therefore cannot be a classical RR 
Lyrae star. Through models we find that its properties are best explained by the 
evolution of a close binary system that started with  1.4 M

 and  0.8 M

 stars 
orbiting each other with an initial  period of 2.9 days. Mass exchange over 5.4 Gyr 
produced the observed system, which is now in a very short-lived phase  where the 
physical properties of the pulsator happen to place it in the same instability strip of 
the H-R diagram occupied by RR Lyrae stars. We estimate that samples of RR Lyr 
stars may contain a 0.2 percent contamination with systems similar to this one, 
implying that distances measured with RR Lyrae stars should not be significantly 
affected by these binary interlopers. 
Using high-resolution spectra obtained with the MIKE spectrograph at the 6.5 m 
Magellan Clay telescope at the Las Campanas Observatory in Chile, and the UVES 
spectrograph attached to the 8.2 m VLT telescope of the European Southern 
Observatory on Paranal (program 287.D-5022(A)), we confirmed that OGLE-BLG-
RRLYR-02792 (hereafter: RRLYR-02792) is a true physical, well detached, double-
lined eclipsing binary system very well suited for deriving the masses of its two 
components with a very high accuracy.  
Analysis of the spectroscopic and photometric observations (see Figures 1 and 2) results 
in the  determination of the astrophysical parameters of our system presented in 
Supplementary Table 1. Realistic errors of the derived system parameters were 
determined using Monte Carlo simulations. The resulting masses of the components 
turned out to be very unexpected. The dynamical mass of the RR Lyrae component, 
0.261 ± 0.015 M

, is much smaller than the mass required for helium ignition, and 
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therefore completely at odds with the predictions of all theoretical models of RR Lyrae 
stars5,6,7 Moreover, if the pulsating component of RRLYR-02792 were indeed a 
classical RR Lyrae star as suggested by its light curve and pulsation period, the nature 
of the more massive, cooler (at T1 = 6000 K, T2 = 0.68 × T1) and (by some 2 magnitudes 
in V band) fainter secondary component would be extremely mysterious. Assuming a 
typical temperature for the RR Lyrae star of 6000 K,  the temperature of the static 
secondary component  would be only about 4100 K,  much too cool for a giant star with 
M2 = 1.67 M (whose temperature is expected to be close to 5000 K).  
 A clue comes from the relatively short orbital period of 15.24 days which suggests that 
mass exchange between the two components should have occurred during the evolution 
of this system. Inspired by this possibility we calculated a series of models for Algol-
type binary systems8,9 and found that a system which initially contained two stars with 
M1 = 1.4 M  and M2 = 0.8 M orbiting each other with an initial period of  2.9 days 
would,  after 5.4 Gyrs of  evolution, have exchanged  mass between the components as  
classical Algols do, and today would form a system very similar to RRLYR-02792 (e.g. 
with M1 = 0.268 M and M2 = 1.665 M , and P=15.9 days).  
We therefore conclude that the primary component of our observed system is not a 
classical RR Lyrae star with its well-known internal structure, but rather a star which 
possesses a partially degenerate helium core and a small hydrogen-rich envelope (shell 
burning) which has lost most of its envelope during the previous red giant branch phase 
to the secondary star due to mass exchange in the binary system, and which is now 
evolving  towards the hot subdwarf region on the H-R diagram (see Figure 3 and 
Supplementary Figure 2).  The pulsational light curve of such a star very closely 
resembles that of a classical RR Lyrae star. However, variable stars produced this way 
are expected to cross the classical pulsational instability region on the H-R diagram 
about a hundred times faster than the RR Lyrae stars. Because the star is moving rapidly 
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at a constant luminosity across the instability strip toward higher temperatures, its radius 
should become smaller and therefore its pulsation period should steadily decrease.  
Indeed,  using  our photometric data we have measured a period decrease of the 
pulsating component of (8.4 ± 2.6) x 10-6 days/year, which  is on average more than two 
orders of magnitude larger than the period change shown by canonical RR Lyrae stars10, 
and therefore strongly supports our interpretation. Moreover, we have detected 
hydrogen lines in the spectrum of the binary associated with the pulsating primary 
component (see Supplementary Figure 1) which confirms that the star possesses a 
hydrogen-rich envelope. In such a scenario the secondary component is a typical red 
giant star currently evolving up the red giant branch increasing its size and luminosity. 
During its future evolution, our system will turn into a binary system composed of two 
white dwarfs sharing a common envelope.   
We have captured the RRLYR-02792 binary system in a very special and short-lived 
phase of its evolution which constitutes just a small fraction (10-4)  of its current age. 
The system provides a number of strong observational constraints which have enabled 
us to unambiguously and in detail track its past evolution, and as a result discover a new 
evolutionary  channel  of  producing binary evolution pulsating  stars  - new habitants of 
the pulsational instability strip on the H-R diagram which mimic classical RR Lyrae 
variables, but have a completely different origin.   These low mass pulsating stars could 
in principle increase the observed spread in luminosity of the RR Lyrae stars, hence 
affecting distance measurements based on them. We roughly calculated that among 
1000 RR Lyrae stars one should expect just 2 such stars, so in practice they should not 
affect distance determinations to galaxies if these are made with relatively large samples 
of RR Lyrae stars.   
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Figure 1: Orbital motion of the two binary components, and the 
pulsational motion of the pulsating component of the OGLE-
BLG-RRLYR-02792 system.  All individual radial velocities were 
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determined by the cross-correlation method using appropriate template spectra 
and the MIKE, and UVES spectra, yielding in all cases velocity accuracies 
better than 300 m/s (error bars smaller than the circles in the figure).  Then, the 
orbit (mass ratio, systemic velocity, velocity amplitudes, eccentricity, and 
periastron passage) plus a Fourier series of order eight approximating the 
pulsation variations of the primary component, was fitted with a least squares 
method to the measured velocities. The resulting parameters are presented in 
Supplementary Table 1. The disentangled orbital radial velocity curves of both 
components of our binary system, and the pulsational  radial velocity curve of 
the primary component are shown in the  main a and b panels,  respectively. 
Top, the residuals of the observed velocities (O) from the computed once (C).    
 
 
 
 
 
Figure 2: Change of brightness of the binary system caused by 
the mutual eclipses, and the intrinsic change of the brightness 
of the primary component caused by its pulsations.    
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The following final ephemeris for our system was derived from the OGLE 
photometric data:  
P = 15.24340 ± 0.00021 days    T0 =  2452108.3161 ± 0.038 days  (orbital)  
P = 0.627496 ± 0.000008 days    T0 = 2455000.355  ± 0.005 days  (pulsation) 
Adopting the photometric ephemeris, and the mass ratio obtained from the 
analysis of the spectroscopic data (Figure 1) we model our spectroscopic and 
photometric observations using the 2007 version of the standard Wilson-
Devinney (WD) code11,12 . We accounted for the intrinsic photometric variations 
of the pulsating star in the system by fitting  Fourier series of the order of 15 to  
the observations secured  outside the eclipses and then subtract the 
corresponding variations in the eclipses in an iterative way, scaling the obtained 
fit according to the obtained WD model. 
a: the orbital I-band light curve (617 epochs collected over 10 years)  of the 
binary system OGLE-BLG-RRLYR-02792, after removal of the intrinsic  
brightness variation of the pulsating component together with the solution, as 
obtained with the Wilson Devinney code.  The residuals of the observed 
magnitudes from the computed orbital light curve are also presented.  b: the 
pulsational I-band light curve of the primary component of  our binary system, 
folded on a pulsation period of 0.627496 days. The shape of the light curve is  
mimicking that of a classical RR Lyrae star.  
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Figure 3:  Position of  the two stars in the OGLE-BLG-RRLYR-
02792 binary system on the H-R diagram. The solid lines display 
evolutionary models computed with the most recent version of the FRANEC 
evolutionary code by adopting updated input physics13. Current evolutionary 
models were computed assuming a solar chemical composition (metals, 
Z=0.0129; helium, Y=0.274). We adopted the recent heavy-element solar 
mixture14 and a mixing-length value of  α = 1.74. 
The dashed lines  show the evolution of stellar structures with 0.26 and 0.28 M

  
computed following the standard evolution of a 1.4 M

 stellar structure from the 
pre-main sequence up to the beginning of the RG phase. At log(L/R

)=0.9 we 
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applied an enhanced mass loss rate of about 10-7 M

/yr until the final mass (i.e. 
0.26 and 0.28 M

) was approached. We computed the final evolutionary fate of 
these structures, at constant mass, down to the cooling phase of He-core 
WDs15. The two vertical dashed lines show the instability strip for typical RR 
Lyrae stars according to models for a solar chemical composition (Z=0.02, 
Y=0.28)16, in which the pulsating component of our binary system is located. 
We adopted 300 K as the uncertainty of the calculated instability strip. Very 
good agreement between the evolutionary models and the observations is 
demonstrated. 
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                             Supplementary Information: 
 
1) The essentials of the evolutionary model of close binaries.                                                                                     
                                                                                                                                                     
We start from a detached binary with both components lying on ZAMS and                                                                        
possessing subphotospheric convection zones. Initial orbital periods are short enough to 
assure the synchronous rotation (currently, less than 3 d). During the first evolutionary 
phase, mass and angular momentum (AM) are lost by magnetized winds from both 
components. Any wind-wind interaction is neglected. The adopted mass loss rate (in 
sol.mass per year M

 1,2 = -10-11 x R2 1,2                                                                                                                 
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where radii are in solar units. This rate results from a fit to the                                                                                
observed mass loss rates extrapolated to rapid rotation of a star(when the magnetic 
activity reaches so called saturation level).                                                                                             
 
AM loss rate (in cgs units) is given dHorb /  dt = -4.9 x  10 41 x (R12M1 + R22M2  ) / P, 
where radii are in solar units and period in days. This formula has been derived by KS 
and, again, applies to rapidly rotating stars.                                                                                                                                               
                                                                                                                                                       
The first phase takes typically several Gyr during which the components evolve accross 
MS. When the more massive component fills its inner critical Roche surface, the Roche 
lobe overflows (RLOF) occurs, followed by the rapid mass transfer to the companion. 
The process is assumed to be conservative, i.e. without any additional mass and AM 
loss. Mass transfer proceeds until both components reach thermal equilibrium. A short-
period Algol system is formed. During the further evolution, mass and AM is still being 
lost by the winds but, at the same time, mass is slowly transferred from the presently 
low mass component (red giant/subgiant) to its companion. Mass transfer stops when 
the red component detaches from its Roche lobe because it is stripped of almost all 
hydrogen. The helium core with a thin hydrogen envelope moves to the region of the 
hot subdwarfs (crossing in the meantime the instability strip) whereas the other                                                                                  
component leaves MS and moves towards the red giant branch. When it expands 
climbing up the branch, a common envelope develops. 
 
 
2)  Contamination of the RR Lyrae catalogs by binary evolution pulsators  
 
In order to roughly estimate the contamination of RR Lyrae catalogs by binary 
evolution pulsating stars we assume that a half of stars are in eclipsing binary. In order 
to produce low mass stars mimicking RR Lyrae stars we need systems with the mass of 
the primary component  in the range from 0.9 to 1.4 M_sun and having periods of 2-3 
days. Taking into account that the Lidov-Kozai mechanism accompanied by the tidal 
friction can effectively shorten the period of about a half of systems with 3 < P < 10, 
one can expect that about 1.5 % eclipsing systems  can form binary evolution pulsating 
stars9,17,18,19. Assuming that about 20 % stars with masses between 0.8 and 0.9 M_sun 
will become RR Lyrae and using the initial mass function of Salpeter we estimate that 
there are  5 times more progenitors of RR Lyrae stars comparing to binary evolution 
pulsators. Taking into account that binary evolution pulsators cross the instability strip 
100 times faster comparing to RR Lyrae we can expect the contamination ratio at the 
level of 0.2 % 
 
 
Additional references :  
17 - Eggleton, P.P., Kiseleva-Eggleton, L., A Mechanism for Producing Short-Period 
Binaries, Astroph. Space Sci., 304, 75-79 (2006) 
18 - Fabrycky, D., Tremaine, S., "Shrinking Binary and Planetary Orbits by Kozai 
Cycles with Tidal Friction", Astrophys. J., 669 , 1298-1315 (2007) 
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19. Tokovinin, A., Thomas, S., Sterzik, M., Udry, S., Tertiary companions  to close 
spectroscopic binaries,  Astron. Astrophys., 450 , 681-693, (2006) 
 
 
 
   Figure S1:  H_alpha line observed in the spectrum of the primary component at the 
orbital phase of 0.25 (upper panel) and 0.75 (lower panel). Dashed and solid lines show 
the spectrum observed at the minimum and maximum pulsational velocity,respectively.  
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Figure S2: Location in the Mass – Radius plane  of  the two components of the OGLE-
BLG-RRLYR-02792 binary system (filled circles together with corresponding 1 σ 
errors). The horizontal lines are the evolutionary models shown in Figure 3.  The 
agreement between theory and observations is quite remarkable. 
 
 
 
 
 
 
 
 
 
 
Supplementary Table 1. Orbital and physical parameters of the OGLE-BLG-RRLYR-
02792  system (RA = 17h47m38s.21 DEC = -35o31'07".1, J2000.0) , together with their 
uncertainties as obtained from the modelling of the spectroscopic and  photometric data.  
 
A temperature of the red giant component of 5000 ± 150 K, (e.g. a typical temperature 
for a giant star with M = 1.67 M

and R = 4.24 R

) was assumed. Then, the temperature 
of the pulsating component was calculated  using the temperature ratio (for T2=5000 K, 
T1/T2 =  1.464 ± 0.010)  obtained from the analysis of the light curve of our system. 
The mean I and V band magnitudes of the system measured outside the eclipses are 
15.73 ± 0.01 mag  and 17.08 ± 0.04 mag, respectively (L2/L1(I) = 0.298, L2/L1(V) = 
0.161) . The measured pulsational amplitudes are AI = 0.36 ± 0.01 mag and AV =0.65 ± 
0.05 mag. A finding chart for the system can be found on the OGLE Project webpage 
(http://ogle.astrouw.edu.pl)4. 
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Astrophysical parameters of the OGLE-BLG-RRLYR-02792 system 
Parameter 
Primary 
(pulsating) 
Secondary 
M/M

 = mass             0.261  ± 0.015             1.67 ± 0.06 
R/R

 = radius               4.24 ± 0.24                4.27 ± 0.31 
K = velocity amplitude        91.83 ± 0.26 km/s         14.31 ± 0.39 km/s 
T =effective temperature                7320 ± 160 K      5000 ± 150  K (assumed) 
e = eccentricity                         0.0072 ± 0.0029  
ω=periastron passage                          277 ± 16 deg 
γ = systemic velocity                       -34.7 ± 0.2 km/s 
PORB    PPUL  = periods    15.24340 ± 0.00021 days   0.627496 ± 0.000008 days 
dPPUL / dt  = period change                   (- 8.4   ± 2.6) x 10-6    days/year 
 i = inclination                       83.4  ±  0.3  deg 
a/R

 = orbit size                          32.20 ± 0.32 
 q = mass ratio                             6.42 ± 0.20  
  
 
 
